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FOPCTORD 


This  is  a  preliminary  report  based  on  a  limited  number  of  'tests 
of  the  effects  of  varying  the  percentage  of  comber  waste  in  the  manufac- 
ture of.  combed  cotton  yarns.    The  tests  indicate  possibilities  of  con- 
serving supplies  of  the  longer  staple  cottons  and  at  the  same  time  re- 
ducing operating  costs  in  mills  producing  combed  yarns.    Although  sub- 
sequent tests  may  yield  results  that  differ  somewhat  from  those  pre-  ' 
sented  herein,  it  is  believed  that  the  general  trends  brought  out  in 
this  study  will  be  fairly  stable  regardless  of  the  cotton  used.    In  view 
of  the  immediate  practical  significance  of  these  preliminary  findings  to 
combed  yarn  manufacturers,  publication  of  the  results  seems  to  be  justi- 
fied under  existing  circumstance s«    The  report  will  have  served  its  pur- 
pose if  it  stim^ulates  experimentation  on  the  subject  by  combed-yarn  manu- 
facturers. 

Carl  H.  Robinson 
Chief,  Cotton  and  Fiber  Branch 
Food  Distribution  Administration 
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INTRODUCTION 

Combing  is  a  mechanical  process  used  in  the  manufacture  of  fine 
cotton  yarns  and  in  medium  and  coarse  numbers  where  exceptionally  strong, 
clean,  and  smooth  yarns  are  sought.     In  the  series  of  operations  prepara- 
tory to  the  actual  spimiing  process,  combing  is  accomplished  betv/een  the 
carding  and  roving  processes.    Yarns  spun  from  cotton  that  has  been  sub- 
jected to  combing  are  designated  as  "com.bed"  yarns  ^  as  distinguished  from 
"carded"yctrns ,     It  is  estimated  that  for  the  year  1941-42,  approximately 
1,600,000  bales,  or  almost  15  percent,  of  the  total  of  about  11,200,000 
bales  consumed  in  the  United  States,  vi;ere  spun  into  combed  yarns. 

Cenerally  speaking,  modiuiri-f inc  and  fine  yarns,  or  yarns  of  45s  to 
50s  counts  and  above,  arc  combed.     Many  coarser  numbers  ranging  from  20s 
to  40s,  such  as  underv/ear  and  hosiery  yarns,  army  uniform  twill  yarns,  and 
crochet  ya.rns,  arc  also  combed.     Some  cottons  shorter  than  I-I/16  inch 
staple  arc  combed,  and  some  longer  than-  this  staple  are  only  carded: 


1/    The  spinning  and  fiber  tests  on  v/hich  this  m.anuscript  is  based  were  made 
by  John  M,  Cook  and  'staff,  of  the  cotton  testing  laberator^/"  of  the  Food 
Distribution  Adninistration,  at  Clcmson,  S.  C,  in  cooperation  with  the 
Clemson  ^-agricultural  College. 
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thoroforc,  thorc  is  no  distinct  dividing  line  in  this  rcspoct  as  rc^rds 
staple  length.     It  is  proba.bly  true,  ho\';GV!or,  that  the  bulk  of  the  yarns 
spun  from  1-1/8  inch  staple  and  longer  are  conibed,  and  that  most  of  the 
shorter  staples  are  carded. 

The  objectives  of  combing  are  to  obtain  stronger^  cleaner,  and 
smoother  yarns.     From  a  technical  standpoint  this  is  accom.plished  by 
removing  much  of  the  short  fiber  remaining  in  the  cotton  a.ftcr  carding; 
by  freeing  the  cotton  "from  such  imiporf octions  as  neps  a.nd  sm.all  particles 
of  foreign  matter  that  may  have  escaped  the  carding  process;  and  by 
straightening  the  fibers  and  arranging  them  ag  nearly  parallel  as  possible. 
To  accomiplish  the  removal  of  short  fiber  and  imperfections,  a  considera.ble 
quantity  of  waste  or  "noils"  is  removed.    This  may  range  from  less  than  9 
percent  of  the  weight  of  the  carded  stock  in  some  special  cases  to  25 
percent  or  more  in  the  spinning  of  very  fine  yarns.    The  straightening 
and  parallelizing  of  the  fibers  is  accomplished  by  passing  rows  of  steel 
noodles  through  the  stock,  and  by  "drafting"  or  attenuating  the  stock  by 
means  of  pairs  of  rollers  revolving  at  different  rates  of  speed. 

Combed  yarn  is  usually  cleaner,  smoother,  stronger,  and  more  uni- 
form than  ca.rded  yarn  spun  from  the  same  cotton.     Com.bing  is  considered 
an  essential  process  in  the  manufacture  of  sowing  thread,  which  must  be 
clean  and  smiooth;'  of  fine  fabrics  such  as  lawns  and  voiles  in  which  a 
smooth,  silky  appearance  is  required;  and  of  any  fabric  in  which  high 
strength  and  durability  in  proportion  to  weight  are  desired,  such  as  army 
uniform  tv/ill  fabric,  airplane  and  balloon  cloth,  and  many  other  types  of 
cotton  textiles  needed  for  war  purposes. 

COMBER  WASTE 

In  many  ways  the  cotton  comber  is  the  most  complicated,  and  thus 
the  m.ost  remarkable,  machine  in  a.  cotton  mill.    It  is  not,  however,  as 
nearly  perfect  as  is  frequently  thought  to  be  the  case.    The  comibed  stock 
always  contains  a  considerable  quantity  of  short  fibers,  and,  on  the  other 
hand,  the  com.ber  waste  alwaj^'S  contains  an  appreciable  proportion  of  long 
fibers.-    To  effect  an  improvement  in  the  quality  of  the  product  it  is 
customary,  after  ascertaining  that  the  machine  is  functioning  properly,  to 
increase  the  ariount  of  waste  that  the  machine  will  take  out.     This  is  done 
in  one  or  more  of  several  ways,  involving  changes  in  the  settings  and  timing 
of  the  various  machine  parts.    It  is  not  necessary  to  discuss  these  adjust- 
r^ents  or  their  relative  effects  and  merits  here.     It  is,  hov/ever,  important 
to  note  one  point,  namely,  that  the  proportion  of  waste  removed  by  the 
comber  is,  to  a  considerable  extent,  objective;  that  is,  the  percentage 
of  waste  is  quite  controllable,  and  is  more  or  less  independent  of  the 
quality  of  the  cotton  being  processed. 

Thus,  a  manufacturer  of  combed  yarns  has  some  leeway  in; deterrdning 
how  much  of  his  cotton  is  to  go  into  the  product  and  how  mjuch  into  v/aste. 
Since  the  usual  percentage  of  com.ber  waste  rem^oved  is  relatively  large, 
it  is  clear  that  the  quantity  of  raw  Cotton  consumed  in  the  manufacture 
of  combed  yarns  is,  to  an  important  extent,  within  the  control  of  the 
m.anufacturer. 


\ 
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One  of  the  largest  single  uses  of  combed  yarns  at  the  present  tine 
is  in  the  manufacture  of  ai:*Mjr  Uriiform  twill  fabrics.     The  Government  speci- 
fications for  such  fabrics  do  not  set  forth  v/hat  percentage  of  comber  mste 
shall  be  removed,  but  simply  state  that  the  yarns  shall  be  "well  combed." 
Accordingly,  the  am.ount  of  waste  that  is  taken  out  is  left  entirely  to  the 
m.anufacturer,  so  long  as  he  meets  the  fabric  specifications.    Therefore,  in 
view  of  our  limited  supplies  of  long  staple  cotton,  manufacturers  may  play 
an  important  part  in  conserving  supplies  of  such  cotton. 

PURPOSE  OF  STUDY 

Whsit  changes  in  the  properties  of  the  cotton  and  in  the  quality  of 
yarn  are  effected  by  changes  in  the  amount  of  comber  waste  removed  in 
manufacturing?     Is  it  more  economical  to  change  the  percentage  of  comber 
waste  or  to  use  a  different  quality  of  cotton  v;hen  changes  in  the  quality 
of  the  yarn  are  required?    Since  available  information  on  these  matters  is 
very  sketchy  and  of  questionable  value,  the  manufacturer  has  been  thro^jm 
on  his  o\m  resources  in  predetermining  the  amount  of  waste  that  his  combers 
should  take  out  of  the  cotton. 

An  entirely  different  aspect  of  the  general  problem  of  comber-"ui7aste 
removal  relates  to  the  interpretation  of  the  results  of  spinning  tests 
m^ade  under  controlled  conditions  in  the  laboratory.     The  tests  made  by  the 
U.  S.  Department  of  Agriculture  frequently  involve  the  manufacture  of 
combed  yarns  from,  groups  of  cotton  representing  different  varieties.  It 
is  usually  impracticable,  in  making  these  tests,  to  readjust  the  comber 
for  each  lot  so  that  a  predetermined  percentage  of  v^/aste  will  be  removed. 
The  result  is  that  some  variation  in  comber  waste  occurs  among  the  differ- 
ent test  lots,  and  it  is  not  known  to  what  extent  this  variation  influ- 
ences the  results. 

There  is,  therefore,  a  need  for  reliable  information  -with  respect 
to  the  effects  of  varying  the  percentage  of  comber  waste  removed  in  the 
course  of  manufacturing,  on  the  quality  of  the  yarn  spun.     It  vi^as  the  pur- 
pose of  this  study  to  obtain,  by  means  of  laboratory  tests,  as  much  perti- 
nent data,  as  possible  vd.th  the  tine  and  facilities  available,  and  to  draw 
whatever  conclusions  the  resulting  data  appeared  to  \mrrant. 

To  obtain  complete  answers  to  the  questions  under  consideration 
would  require  a  great  volume  of  work  involving  the  manufacturing  and  test- 
ing of  mny  typos  of  cotton.     In  the  present  case  the  time  available  for 
the  study  was  very  definitely  limited,  but  it  v/as  thought'  that  some  valu- 
able, although  more  restricted,  results  could  be  obtained  through  the  use 
of  a  single  sample  of  cotton. 

DESCRIPTION  OF  TESTS 

Because  so  much  cotton  is  being  used  for  combed  army  uniform  twill, 
it  was  believed  that  cotton  of  the  average  quality  used  for  such-  mjaterial 
would  be  nest  suitable  for  the  tests.    Available  information  indicated 
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that  the  cotton  customarily  used  for  this  kind  of  fabric  ranges  from  I-I/8 
to  I-3/16  inches  in  staple;  ther-eforej  a  bale  of  cotton  classed  as  1-5/32 
inches  in  staple  was  selected  for"  the'  test'.    The  bale  was  of  Delta  origin 
and  v/as  designated  as  Strict  Middling  in  grade  and  Normal  in  character. 

About  200  pounds,  of  cotton  was  taken  from  the  bale  and  passed 
through  a  hopper  feeder  and  a  vertical  opener,  and  the  opened  lint  v/as 
placed  in  a  binj  where  it  v/as  allowed- to  condition  over  night.  Following 
this 3  the  cotton  ms  passed  successively  through  the  hopper  leeder, 
breaker  and  finisher  pickers 3  and  card.     A  portion  of  the  card  sliver  was 
set  asidej  later  to  be  spun. into  carded  yarns.     The  remainder  was  made 
into  several  sets  of  comber  laps  v/ith  the  use  of  sliver  and  ribbon  lappers. 

The  con^ber  used  in  these  experiments  was  a  D-4  typej  operating  at 
a  speed  of  80  nips  per  m.inut'e.    The  quantity  of  v/aste  removed  was  con- 
trolled by  altering    the  setting  of  the  cushion  plate  to  the  front  detach- 
ing roller  of  the  machine.  ■  Preliminary  tests  v/ere  conducted  to  determine 
the  proper  setting  for  each  percentage  of  comber  waste  desired.    As  the 
regular  tests  were  run,  the  actual  percentage  of  comber  waste  removed  was 
determined  by  collecting  and  weighing  the  sliver j  noils 5  and  fly  waste j 
the  proportion  that  the  weight  of  the  noils  com.prised  of  the  total  being 
used  as  a  basis  for  the  percentage.     The  follov/ing  tabulation  shows  the 
settings  usedj  the  specified  percentages  of  waste 3  and  the  actual  per- 
centages obtained.  ^. 

Setting  of 


cushion  plate  to  ■ 

Specified 

Actual 

detaching  roll 

percentage 

percenta; 

(inches ) 

of  waste 

of  v/aste 

0.24  1/ 

2/ 

0.57 

.  24 

4  . 

3.93 

.33 

8 

7.77 

«39 

12 

12.17 

«42  . 

14 

13.96 

.44 

16 

15.75 

o46 

'  18 

18.35 

'  .48' 

20 

19.81 

.  .52 

24 

24.20 

1/  Top  combs  were  removed  for  this  loti. 
2/    Smallest  percentage  possible. 


A  40-grain  comber  sliver  v/as  made  for  the  lot  combed  v/ith  a  16- 
percent  v/aste  removal 3  no  attempt  being  made  to  control  the  slivor  v/eights 
for  the  other  lots. 

The  comber  sliver  from  these  9  lots,  together  with  one'  lot  of  card 
•  sliver^  was  passed  successively  through  one  process  of  drawing,  a  slubber, 


-  5  - 


an  intemediato 5  and  a  fine  frame 5  making  a  quantity  of  5*50  liankj  7.35 
hank 3  and  lOoOO  hank  fine  frame  roving.    Using  double  roving  in  the  creel 
of  a  conventio-.ip.l  draft  spinning  fraiiie^  a  quaxitity  of  22s ,  3  6s  5  and  60s 
v/arp  yarn  \^jb.s  thon  span  frDra  each  of  'Ibo  10  "ots  of  cotton.     Alsoj  a 
se pa. rate  doff   )f  soio-twi^^cod  jo'^  yam  (3 '00  t7/ist  multiplier)  was  spun, 
and  wet-twisted  into  jV^  yarn  witb  a  p'ly  cwlst  ^;ulxiplier  of  2«73«  (This 
yarn  ccrresponcs  to  a  mercerizing  y^rn  jDnd'i.r-.icticn  rather  than  the  higher 
twist  construction  usually  em-plcyed  :.n  vbe  manufacture  of  army  uniform 
twill 5  but  it  is  believed  that  essentially  the.  same  relationships  would 
hold  true  for  practically  all  constructions.) 

Using  25  skeins  of  22s  and  36/25  35  skeins  of  36sj  and  50  skeins 
of  60s  from  each  lot 5  the  ya.rns  were  conditioned  for  at  least  4  hours  at 
65  percent  relative  humidity  and  70'^  Fahrenheit «  and  tested  for  strength 
and  size.     Samples  of  the  223  and  OOs  from  oaoh  let  were  wound  on  black 
boards  and  graded  for  appearance^  using  the  3t.andi.rds  developed  coopera- 
tively by  the  iiiierican  Society  for  Testing  I^&xerials  and  the  United  States 
Bepairtm.ent  of  Agriculture, 

Fiber  length  a.rrays  were  made  with  the  use  of  the  Suter-Webb  cotton 
fiber  sorter  on  samples  of  the  rav/  cotton,  comber  lap,  of  each  lot  of 
comber  sliver,  and  of  the  com-bor  noils  or  ¥/8.ste  from  each  lot.     From  the 
data,  obtained  from  these  tests,  the  length  at  the  25~percent  point  in  the 
cumulative  array,  the  mean  fiber  length,  and  the  coefficient  of  variation 
of  length  were  calculated  for  each  lot.     Such  information  was  obtained  to 
determine  just  how  combing  altered  the  fiber  length  distribution  of  the 
cotton  in  each  case. 

To  learn  whether  the  physical  characteristics  of  fineness  and  per- 
centage of  imjnature  fibers  were  altered  in  the  combing  process,  tests  of 
fineness  (fiber  weight  per  inch)  o.nd  imm.aturity  (percentage  of  thin-walled 
fibers)  were  m^ade  of  the  comber  sliver  and  noils  from  each  lot. 

RESULTS  OF  TESTS 
Fiber  Tests 

The  fiber  length  data,  and  the  results  of  the  tests  of  fiber  fine- 
ness and  imma-turity  are  sho\TO  in  table  1.    The  length  data  for  the  various 
lots  of  sliver  are  also  shov/n  graphically  in  figure  1« 

With  an  increase  in  percentage  of  coriber  v/aste,  both  the  length  at 
the  25-Fs^c:ent  point  in  the  array'  and  the  m^ean  length  of  fiber  in  the 
comber  sliver  increased  in  a  fairly  consistent  m^anner.    Between  0<,57  and 
24-. 20  percent  in  comiber  waste,  the  length  at  the  25-percent  point  in- 
creased 0.017  inch,  or  about  ]./64  of  an  inch,  while  at  the  same  tim.e  the 
mean  length  increa.sed  0.064  inch,  or  just  ever  I/16  of  an  inch.     In  other 
words,  the  mean  len,gth  increased  mioro  rapidly,  because  of  the  .fact  that 
mere  and  miOre  short  fiber  ^Ji/as  being  remiovcd  as  \-;aste.    This  is  definitely 
reflected  in  the  coefficients  of  length  variation,  which  gradually  de- 
creased from.  27.06  to  20.89  percent  as  s.p proximately  24  percent  miore  v/aste 
was  removed. 


~  6  - 


rable  1 

•  — Fiber 

length  at 

upper  25- 
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int  in  array 5  mean  length. 

f inenes 

s,  and  immatui'ity  for  raw  cotton  and  comber  lapj  and 

for 

comber 

sliver  and 

noilo  produced  vi/hen 

H i  ff* prpnt 

\y-  -Jl-  -X.  X-  \^  1.  v>xxv 

percentages 

of 

waste  were  removed 

at  the  comber 

9 

Lencrth  1/ 

0  0 

ri  0 

25- 

1  III"  ^ 

Coefficient 

'2 Fineness  s Immature 

Sample 

"K       \lJr>L  St  ft 

■      Q  v»  r*  0  "n  'f* 

Mp?5  to  2 

Ul 

^weigiiO  0 

I ibers 

« 

:  Doint 

0  0 

variation 

sper  inch)s 

Percent 

°  Inches 

°  Inches 

Percent 

°Micro^rairs° 

Percent 

Raw  c  ott  on  « o « 

0 

'  1.224 

ft  0 

0  0 

1  0.998  ° 

30.90 

0  0 

•     3 . 85  " 

25.73 

Comber 

lap  » o  o 

. .  ^  0 

"  1.207 

°  l.OOo 

28.13 

°     4.23  ° 

27.25 

Comber 

sliver. 

..s  0.57 

%  1.216 

I  1.022  % 

27.06' 

s     4.09  5 

27.50 

Com^ber 

sliver. 

.  .o  3.93 

s  1.226 

%  1.049  » 

25.19 

J     3.95  s 

25.72 

Com.ber 

sliver. 

7.77 

s  1.230 

%  1.059  s 

24.53 

2       4.04  s 

25.33 

Comber 

sliver. 

. . ?   12 .17 

s  1.230 

s  1.059  " 

24.02 

;      4.10  ; 

25.31 

Comber 

sliver . 

.  0  s  13 .90 

s  1.272 

;  1.0c)4  % 

23.61 

s      4. 01  ; 

25.87 

Comber 

sliver. 

.  15.75 

"  1.246 

s   I.O60  % 

23.70 

S         4.18  2 

22.74 

Comber 

sliver . 

I0.35 

s  1 . 2  63 

?  l.Oo/  s 

22.58 

s       4.09  S 

26.75 

Comber 

sliver. 

. . °   19 .ol 

3  1.239 

§  I0O02  s 

21.31 

:       4.08  t 

22.48 

Comber 

sliver. 

24.20 

s  1.233 

0 

%  1.086  S 

C  D 

20.89 

%       4.12  2 

0  0 

23.16 

Comber 

noils . . 

0 

...  0.57 

.886 

0  0 

1  .596  s 

59.32 

C  5 

S         3.89  2 

37.44 

Comber 

noils . . 

3.93 

s  .928 

5    .658  % 

51.74 

2         3.93  2 

37.27 

Comber 

noils . . 

0..-  7.-77 

%  .963 

%     .674  s 

50.69 

2         3.83  2 

35.16 

Comber 

noils . . 

..s  12.17 

s  1.009 

1     .722  s 

46.29 

2         3,78  S 

33.08 

Com.ber 

noils . . 

..2  13.96 

I  .984 

s      .709  I 

46.78 

3.96  2 

33.98 

Comber 

noils . . 

1^.75 

s  1.009 

°  .739  s 

45.30 

2         4.06  2 

37.75 

Comber 

noils . . 

18.35 

s  I0O3O 

?       .741  2 

45.36 

2         4 . 10  2 

36.56 

Comber 

noils . o 

. .!  19.81 

I  1.012 

s     .742  I 

44.3^ 

t         3.85  2 

33.09 

Comber 

noils . . 

24.20 

s  1.027 

%     .764  S 

41.86 

2         4.07  2 

31.99 

1/    Average  of  two  length  arrays. 


A  careful  examination  of  the  length  data  shows  that  two  of  the  lots, 
namely^  those  from  v;hich  I3.96  and  18.35  percent  of  comiber  waste  had  been 
removed  J  were  slightly  out  of  line  ¥/ith  regard  to  fiber  lengthj  being  notice-» 
ably  longer  than  the  adjacent  lots.    No  explanation  of  these  departures  from 
the  general  trend  is  at  ha^ndj  and  they  must  be  ascribed  to  the  mechanical 
vagaries  of  the  comber  and  to  the  limited  number  of  tests. 

From  the  standpoint  of  the  theory  and  objectives  of  combing  it  is 
rather  surprising  to  note  that  even  highly  combed  cotton  is  little  more  uni- 
form in  length  than  is  uncombed  cotton.    A  coefficient  of  variation  of  length 
of  20.89  percent  is  appreciably  lower  than  the  average  of  27  percent  found  for 
Amccrican  upland  ginned  lint 5  but  the  array  data  show  that  39  percent,  by 


figure  1. — Imgth  ©f  fibers  at  25-p8r®e^t  point  ©r  arrsj,  mm.  Xsngth, 
and  eo#f fieieni  of  'f&riatiofi  for  eoeber  aXiv^r  associated 
vlth  diff $rei3fe  percesitases  of  cosbar  ^»0tei» 


Figure         Fib«r  length  diatributibn  of  comber  lap,  sliver  and 
vaerte  (15 •75^  percent  vitste  removed  in  combing) 


_  a  _ 


i^^eightj  of  the  fibers  in  the  most  highly  combed  sliver  in  the  test  were 
15/16  inch  or  shorter  in  length.    At  the  same  timoj  41  percent  of  the  weight 
of  the  fibers  in  the  noils  were  I-I/16  inches  or  longer  in  length. 

Another  way  of  demonstrating  the  effects  of  combing  on  the  length  of 
the  fibers  is  by  plotting  the  cumulative  frequency  curves  of  the  cotton 
before  and  after  combing*    These  are  shcvm  for  the  lot  combed  with  15»75- 
percent  v;8.ste  in  figure  2j  which  also  shows  the  curve  for  the  comber  waste. 
If  all  the  fibers  in  the  sliver  were  of  the  sam.e  length,  the  curve  v/ould 
become  a  horizontal  straight  lino.     In  actual  practice  this  is  far  from  the 
case 3  and  the  curves  for  sliver  and  lap  are  fairly  close  together. 

With  regard  to  fiber  fineness,  the  data  for  slivers  and  noils  are 
fairly  constant  for  the  lots  from  which  different  am.ounts  of  comber  waste 
viforc  removed.     Variations  am-.ong  the  different  lots  tend  to  obscure  any 
slight  trend  in  fineness  with  increasing  percentages  of  v/aste.     It  may  be 
concluded,  therefore,  that  as  far  as  this  test  is  concerned,  the  comiber 
showed  no  significant  tendency  to  segregate  the  fibers  with  respect  to  fiber 
weight. 

The  miachine  appears  to  be  rather  selective,  however,  v/ith  respect  to 
fiber  wall  type.     There  were  relatively  more  thin-mlled  or  immature  fibers 
in  t-he  \mste  than  there  were  in  the  sliver,  and  as  the  waste  percentage 
increased,  the  proportion  of  thin-vi/allcd  fibers  in  the  sliver  tended  to 
decrease.    At  the  sam.o  time  the  fibers  in  the  waste  became  m.ore  "diluted" 
with  thick-walled  or  mature  fibers  as  the  v/aste  increased. 

If  immature  fibers  are  dctrim.ental  to  the  dyeing  or  mercerizing 
quality  of  the  yarn  or  to  the  serviceability  of  the  fabric,  it  is  evident 
that  com.bing  effects  a  slight  improvem.ent  in  the  stock  from  this  stand- 
point. 

Yarn  strength 

The  average  skein  strengths  of  the  yarns  spun  from  stock  from  v/hich 
different  proportions  of  comber  waste  had  been  removed  are'  shovm  in  table  2. 
Those  strengths  have  also  been  plotted  in  figure  3?  and  straight  lines  have 
been  fitted  to  the  plotted  points  by  the  m.ethod  of  least  squares. 

It  will  be  noted  that  there  is  a  definite  trend  toward  stronger  yams 
for  higher  percentage  of  comber  vira.ste.     The  rate  of  increase  in  terms  of 
pounds  of  strength  is  greater  in  the  coarser  yarns,  but  from  a  relative 
standpoint  the  finer  yarns  sho¥/  a  slightly  greater  increase  in  strength. 

Considering  the  lot  from,  which  0.57  percent  comber  waste  had  been 
rem-oved  as  100  percent  with  respect  to  yarn  strength,  the  avera.ge  per- 
centages of  the  4  counts  have  been  calculated  for  the  other  lots.  These 
percentages  are  plotted  in  figure  4,  ¥/hich  provides  the  most  significant 
facts  of  the  study.    Again  a  straight  line  has  been  drawn,  as  representing 
the  probable  true  relationships  of  waste  to  yarn  strength. 
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Table  2. — Average  skein  strengths  of  cnrded  yarns  and  of  combed  yarns 
made  from  stocks  having  different  percentages  of  comber  wast% 
removed 


Test  lot 

SKexn  s .. 

.rength  of  yarn  l/ 

•S  0 

'     36/2  s 

22s  ; 

36s 

s  60s 

s     Pounds  ; 

J-'ound.s  3 

r'ounds 

z  i^ounds 

Carded 

e  • 

0  0 

0?      137.88  % 

•  a 

116.60  J 

62.60 

s  31.74 

Combed? 

•  0 

•  0 

«  0 

0.57 

percent 

waste  ... 

.s     142.40  s 

120.44  : 

64.66 

:  32.16 

3.93 

percent 

vmste  .0. 

.s     146.56  s 

122.24  : 

.  66.57 

I  33.40 

7.77 

percent 

^ifaste  ... 

ot     151.72  ' 

124.32  ! 

5  65.94 

s  33.70 

12.17 

percent 

wa.ste  ... 

.1    153.28  ; 

126.16  ; 

:  69.60 

:  35.70 

13.96 

percent 

v;/aste  .  • . 

.s     157.96  s 

129.32  • 

i  69.37 

:  35.60 

15.75 

percent 

waste  . . , 

155.40  ; 

126.84  ' 

I  70.17 

!  34.62 

18.35 

percent 

mste  ... 

.s    160.72  s 

129.44 

:  71.31 

s  37.40 

19.81 

percent 

waste  . . . 

.s    159.24  : 

129.88 

°  71.31 

?  35.70 

24.20 

percent 

waste  • . . 

..%     157.56  t 

0  « 

0  0 

133.72 

:  72.40 

s  36.68 

• 

0 

1/  Each  value  is  the  , corrected  average  skein  strength  of  25s  25j  35> 
and  50  skeins,  respectively,  for  36/2,  22s,  36s,  and  60s  yarn. ., 


In  actual  mill  practice,  it  is  likely  that,  on  an  average,  from  15 
to  16  percent  com.ber  \'vaste  would  be  taken  out  of  cotton  of  1-5/32  inch 
staple.    The  practical  range  of  interest  in  this  particular  test  probably 
extends  from  10  to  20  percent  in  comber  waste.    From  figure  4,  it  may  be 
seen  that  there  was  an  increase  in  yarn  strength  from  I06  to  111.3  units 
for  the  comber  mste  percentage  range  of  10  to  20  percent,  or  a  differ- 
ence of  5.3  units.     This  is  exactly  a  5-percent  strength  increase;  there- 
fore, it  may  be  concluded  that  a  10-percent  increase  in  comber  waste 
results  in  a  5-percent  increase  in  yarn  strength,  or,  that  a  2-percent 
increase  in  comber  v/aste  results  in  a  1-percent  increase  in  yarn  strength. 

From  largo  numbers  of  spinning  tests  made  in  the  Department's  labora- 
tories, involving  many  different  staple  lengths  of  cotton,  an  equation  has 
been  developed  which  expresses  the  relationship  of  staple  length  to  yarn 
strength  for  various  counts  of  yarn.    These  tests  have  sho'jm  that,  on  the 
average,  an  increase  of  l/32  of  an  inch  in  staple  wi-ll  result  in  an 
increase  of  about  2,5  percent  in  yarn  strength.  2/    This  being  true,  and 
since  a  2.5-percent  increase  in  yarn  strength  results  from  a  5-percont 
increase  in  comber  waste,  it  follows  that  from  the  standpoint  of  yarn 

2/  These  tests  have  also  shovm  that  fiber  tensile  strength  may  be  as 
important  as  length  in  its  effect  on  yarn  strength,  and  that  other  fiber 
characteristics  such  as  fineness  and  maturity  have  an  important  bearing  on 
yarn  strength. 


(UT3:^{S  j.sd  'sqi) 
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Figure  4* — A^rerag©  yarn  strmfith  (la  permit  of  Icwest  coa(bed  yftm 
strength)  for  cotton  tram  vhlch  dlffarvit  percsQt&ges  of 
eoiaber  waste  were  rsBOVod* 


strength  an  increase  of  5  percent  in  comber  v^astc  is  equivalent  to  an 
increase  of  l/32  inch  in  the  staple  length  of  the  raw  cotton.    The  relative 
cost  of  increasing  yarn  strength  by  taking  out  more  comber  waste  and  by 
increasing  the  length  of  staple  used  is- discussed  in  a  later  section  of 
this  report. 

The  lot  of  cotton  from  which  0.57  percent  in  comber  waste  had  been 
removed  produced  yarns  that  averaged  2.8  percent  higher  in  yarn  strength 
'(than  the  same  counts  of  carded  yarn.    It  is  doubtful  that  this  very  small 
^quantity  of  comber  viaste  could  have  had  any  significant  effect  on  the  yarn 
Strength;  therefore,  the  increased  strength  may  be  attributed  to  a  com- 
ibination  of  the  drafting  action  of  the  sliver  and  ribbon  lap  machines  and 
the  comber  itself,  plus  the  very  slight  combing  the  fibers  may  have 
received  in  their  passage  through  the  machine. 

On  an  average,  the  quantity  of  comber  mste  removed  in  the  manu- 
facture of  so-called  "Peeler"  yarns  in  commercial  mills  probably  approxi- 
mates l6  percent.    At  the  15. 75~percent  level,  which  is  the  nearest  figure 
to  that  quantity  in  this  test,  it  may  be  seen  that  the  yarn  strength  was 
11.6  percent  higher  than  vias  that  for  the  carded  yarn. 

Yarn  appearance 

For  some  purpos'es  ■  the  manufacturer's  primary  objective  in  combing 
is  to  improve  the  appearance  rather  than  to  increase  the  strength  of  the 
yarn  he  spins.    This  is  true  in  the  case  of  knitting  and  crochet  yarns, 
and  of  yarns  to  be  used  for  fine  dress  fabrics,  such  as  organdies  or 
voiles.    It  is  important,  therefore,  to  determine  how. yarn  appearance  is 
affected  by  the  removal  of  different  amounts  of  comber  waste. 

Table  3  shov/s  the  appearance  grades  for  the  22s  and  the  60s  yarns. 
For  the  22s,  the  grade  of  the  yarn  immediately  increased  from  B,  for 
carded  yarn,  to  B+  oven  with  the  lowest  comber  vi/aste  percentage,  and 
remained  at  that  level,  v/ith  slight  variations,  for  all  the  combed  lots. 
In  the  case  of  60s,  the  appearance  improved  two-thirds  of  a  grade,  from 
C+  for  the  carded  to  B  for  the  combed  yarn  with  Y-YT-percent  vi/aste,  where 
the  grade  remained  constant  until  the  highest  amount,  24.20  percent,  was 
removed  from,  the  cotton.    The  finer  count,  60s,  is  probably  more  sensi- 
tive to  appearance  changes  than  the  coarser  yarn,  and  thus  may  be  con- 
sidered a  better  index  of  the  relationship  of  comber  waste  to  yarn  appear- 
ance.   On  such  a  basis, ' therefore,  it  may  logically  be  inferred  that  the 
maximum  improvement  in  this  characteristic  is  reached  at  a  relatively  low 
point  in  comber  ^jvaste  removal,  namely,  at  about  8  percent.    Although  for 
each  of  the  tvio  counts,  one  of  the  higher  percentages  was  associated  v/ith 
one-third  higher  yarn  grade,  this  did  not  occur  at  the  same  percentage 
of  comber  waste,  and  thus  may  be  attributed  to  experimental  variations. 

This  phase  of  the  tests  indicates  that  yarn  appearance  is  not  sig- 
nificantly improved  by  increasing  comber  waste  v/ithin  the  range  of  per  

contages  commercially, used. 
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Table  3  •""Appcr.rance  grades 

for  yarns  spun 

from  cotton 

combed  with  different 

percentages 

of 

comber  waste 

• 

Test  lot  % 

a 

22s  yarn 

0 

• 

0 

-  60s  yarn 

o 
» 

• 

Grade 

e 
• 

Grade 

• 

B 

0 

• 

0 

C+ 

e 
• 

Combed s  : 

0 
0 

B+ 

• 

9 

B- 

3.93  percent  v.a.sto....s 

B+ 

• 
• 

B- 

7.77  percent  Vvaste....? 

B+ 

• 

0 

B 

B+ 

• 

B 

'b+  • 

• 

B  ' 

'^5 •IS  percent  \yaste.oo.s 

B 

0 
0 

B 

18.35  percent.- vjaste ....  s 

A- 

• 

e 

B 

19.81  percent  msto.«..; 

B+ 

• 
• 

B 

24. 20  percent-  waste . . . .  s 

B+ 

• 
• 

B+ 

SIGMIFICMIGE  OF  FINDINGS 

On  the  basis  of  the  results  of  these  tests  it  appears  that?  (l)  An 
increase  of  5  percent  in  the  amount  of  comber  waste  taken  out  is  equivalent, 
as  far  as,  yarn  strength  is  concerned,  to  an  increase  'of  l/32  inch  in  the 
staple  length  of  the  cotton  used;  and  (2)  within  the  common  range  of  comber 
waste  percentages,  the  appearance  of  the  yarn  is  not  improved  by  increasing 
the' waste  percentage. 

In  general  the  principal  reason  a  manufacturer  ,has  for  increasing  his 
comber  waste  is  to  increase  the  strength, of  his  yarn;    The  same  end  result 
may,  be  obtained  by  using  a  longer-stapled  cotton  of  the  same  character. 
That  is  J  as  far  as  yarn  quality  is  concerned,  it  makes  no  difference  which 
of-the,tv/o  methods  is  used.     The  question  then  arises,  is  it  more  economical 
to-  increase  .comber  waste,  or  use  cotton  of  longer  staple? 

'  In  answering  this  question  both  the  mill  production  costs  and  the 
cotton  prices  must  be  considered. ■ , 


Generally  speaking,  the  cost  of  producing  a  pound  of  comber  sliver 
from  comber  lap  varies  inversely  v/ith  the  production  per  hour  of  the  machine. 
If  the  vnste  taken  out  by  a  comber  is  increased,  the  rate  of  production 
will  decrease,  and  thus  the  cost  per  pound  will  increase.     In  addition  it 
requires  more  cotton,  in  the  soLii-processed  state,  back  of  the  comber,  to 
produce  a  pound  of  sliver,  and  this  also  increases  the  cost  per  pound.  But 
comber  waste  itself  has  considerable  value,  so  that,  as  more  waste  is 
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producodj  this  tends  to  offsotj  to  some  oxtontj  tho  higher  cost  of 
nachining  tho  cotton  when  tho  porcontago  of  ijTasto  is  increased*  ■ 

The  cost  por  pound- for  coribor  sliver  my,  therefore 5  he  determined 
as  f cllov/s  J 

\  Cost  per  pound  of  coiaber  sliver  -  cost  of  semi-processed 

\  cotton  to  produce  a  pound  of  comber  sliver  +  cost  per 

\  pound  for  combing  -  value  of  comber  v/aste  produced, 

'  In  the  following  calcu?iations s  a  figure  of  2.80  cents  per  pound 

has  been  used  to  cover. the  cost  of  manufacturing  from  the  opening  process 
through  the  carding  process.    This  figure  is  estimated  to  be  representa- 
tive of  current  manufacturing  costs  when  spinning  Delta  cotton  at  a  card 
production  rate  of  5»5  pounds  per  hour.    A  figure  of  1.20  cents  per  pound 
has  been  used  for  combingg  v/ith  a  15-percent  m^aste  removal.    -Cost  of  the 
preliminary  processes 3  sliver  and  ribbon  lapping,  is  O.3O  cent  per  pound. 

The  following  equation  will  serve  to  shovir  how  the  comber  produc- 
tion, P,  varies  with  the  ar.ount  cf  waste,  Ws 

p  =:  Pi  X  (100  -  W) 

(100  -  Wi)  ' 

Since  cost  per  pound,  C,  is  inversely  proportional  to  production,  P, 

the  .equation  may  be  a-ltered't'c 

C  =  Ci  x..(lOO  -  WiJ 

(lOO-  ¥)  . 

Thus,  when  the  coFiber-v.;aste  percentage  is  changed  from  W  to  ¥]_,  the 
cost  per  pound  for  com.bing  changes  from.  C  to  C^  in  accordance  with  this 
-formula.  .  .  , 

In  individual  cases,  however,  this  relationship  between  cost  per 
pound  and  \7aste  m^ay  not  exist.  '  For  exam.ple,'  the  job  load,  .for  comber 
tenders,  that  is,  the  number  of  machines  per  operative,  is  based  to  some 
extent  on  the  production  they  ha-ndle,  and,  if  their  present  job  load  is 
somewhat  lovif,  a  reduction  of  about  5'  percent-  in  the  ^production  per  comber 
per  hour  might  bo  sufficient  to  \mrrant  giving  them  one  -more  machine  each 
to  tend.     The  labor  cost  per  comber  would  then  be  reduced  and  it  is  possible 
that, only  the  indirect  labor  on  combing  v/ould  increase  per  pound  of  produc- 
tion. 

Other  adjustments  of '  a ' somewhat  similar . nature,  such  as  changing 
the  operating  speeds  of  the  maxhines,  ri8.y  sometimes  .be  made  tha.t  will 
offset  the  decreccse  in  production  of  com^ber  sliver  caused  by  increasing 
the  ViS-ste  percentage.     It  is  generally  true,  nevertheless,  that  costs  vary 
inversely'"  I'Tith  production,  and  that  as  comber  vyaste  percentages  increase, 
production  decreases.    Thus,  for  the  purpose  of  this  study  the  relation- 
ships described  arc  correct. 
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In  comparing  the  relative  costs  of  improving  yarn  strength  through 
increasing  comber-waste  percentages  anvi  through  the  use  of  longer-stapled 
cotton  J  the  price  of  the  cotton  must  be  considered.     For  this  purpose 
two  series  of  price  figures  are  used,  one  representing  the  latest  5~yea-r 
average  and  the  other,  approxiiratelyj  current  prices.     The  value  of 
comber  waste,  and  corresponding  figures  for  vi/a.ste  prices  are  like'uvise 
based  on  the  5""yoar  average  and  the  current  prices. 

Tables  4  and  5  a-^*e  based  on  the  principle,  previously  developed  in 
this  report,  that  an  increase  of  5  percent  in  comber  waste  and  an  increase 
of  1/32  inch  in  staple  length  of  the  raw  cotton  will  have  approximately 
an  equal  effect  upon,  yarn  strength.     The  lengths  used  in  the  comparisons 
are  1-1/8,  1-5/32,  and  I-3/16  inches,  which  com.prise  the  bulk  of  the 
cotton  used  for  army  uniform  twills.     The  grades  used  in  the  comparisons 
are  Strict  Middling,  Middling,  and  Strict  Low  Middling. '  These  probably 
are  tho  principal  grades  used  for  combod  yarns.     Table  4  shows  the  cost 
of  producing  a  pound  of  comber  sliver  from  each  of  the  three  staples  and 
each  of  the  three  grades,  using  the  5-year  average  prices  (.1937-38  to 
1941-42)  for  cotton.     Table  5  shov/s  the  same  kind  of  information  for 
approximately  current  prices  (December  I8,  1942). 

Table  4. — Cost  per  pound  of  comber  sliver,  by  grade  and  staple  length  of 
cotton  and  percentage  of  comber  Vi/aste,  based  on  ^-ye'dr  average 
prices  of  cotton  and  com.ber  waste  l/ 


Staple 
length 
(inches ) 


1-1/8 


Grade  of  cotton 


Strict 

Middling 

s  Middling 

s Strict  Low  Middling 

Comber 

v.'aBte  {%) 

°     Comber  mste  i%) 

•     Comber  waste  {%) 

10 
TTonts' 


15 


20 


10 


^   15     s     20      '     10  J     15  '  20 

TUoiruS  g Gent sTConts  gtrents"!"  Cen?s  g Cents  g Cents  sCcnTs' 


23.45s24.36 


22.32 


1-5/32. ..I  24.14  g  25.05g26.07  g22.99  ?23.83 


1-3/16...;    25.79     '  26.80 


24.50  g25.44  g 


23.16 


g20.77  g21.52 
24.77  521.28  S21.46  s22.26 


S21.87  g22.64 


1/    Based' On  5-year  average  prices  of  cotton  (1937*38  to  1941-42)  delivered 
to  Group  B  Mill  points;  average  comber  v/aste  price  (8.88  cents  per  pound) 
for  the  same  period,  calculated  from  reports  in  tho  Daily  H'iill  Stock  Reporter 
and  current  manufacturing  costs  for  Delta  cotton. 

Arrows  connect  costs  of  comber  sliver  that  will  produce  yarns  of  equal  quali- 
ty. 
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Table  5» — Cost  per  pound  of  comber  sliver,  by  grade  and  staple  length  of 
cotton  and  percentage  of  comber  waste,  ba.sed  on  current  prices 
of  cotton  and  waste  l/ 


Grade  of  cotton 


Staple  1 

I      Strict  Middling  s 

Middling; 

Strict  Low  Middling 

length  : 

5      Comber  itaste  (%)  s 

Comber  \*/aste 

(i) 

Comber  viraste  {%) 

(inches)  : 

;      10    s     15    ?     20  s 

10     !     15  : 

20  ! 

10    ;     15    s  20 

< 

;  Cents  s  Centss  Cents s 

Cents s  Cents! 

Cents  J 

Cents 5  Cents?  Cents 

1-1/8,, ..s  s  37.28138,93  t  s  35. 

1-5/32. ,.s  38,50  %  40, 13541.95  -36.92  5  38. 


1-3/16...?  41.78  I  43.6I 


39.93  s  41. 


.14s  ;  32.02;  33-34 

.18232.07  s  33.32:  34.72 
235.14  %  36.57s 


1/  Based  on  price  of  cotton  delivered  to  Group  B  Mill  points  as  of  Dec.  I8, 
1942;  value  of  comber  waste  at  11.00  cents  per  pound;  and  current  manu- 
facturing costs  for  Delta  cotton. 

Arrows  connect  costs  of  comber  sliver  that  will  produce  yarns  of  equal 
quality. 


In  tables  4  and  5  the  arrows  connect,  the  cost  figures  for  staples  and  per 
cent ages  that  will  produce  approximately  the  same  quality  of  sliver  or  yarn. 
For  example,  for  a  particular  grade,  l~3/l6  inch  staple  v/ith  10-percent  combe 
vraste,  I-5/32  inch  staple  v/ith  15-percent  waste,  and  I-I/8  inch  staple  vd.th 
20-percent  waste  all  appee^r  to  produce  the  same  quality  of  product. 


A  study  of  the  two  tables  will  reveal  the  fact  that  for  the  two  higher 
grades,  at  least,  it  is  cheaper  to*  use  the  shorter  staples  and  to  remove  the 
higher  percentages  of  v/aste.     For  the  5-year  average,  cotton  prices  on  v/hich 
table  4  was  based,  costs  of  comber  sliver  were  0.71,  O.67,  and  O.3I  cent  per 
pound  less  when  cotton  of  I/32  inch  shorter  staple  was  used  and  5  percent 
more  comber  vira.sto  was  removed  from  Strict  Middling,  Middling,  and  Strict  Low 
Middling  grades,  respectively.    For  the  current  prices  used  as  a  basis  for 
table  5,  the  corresponding  savings  per  pound  of  comber  sliver  are  1.43,  1.39, 
and  0.92  cents,  respectively. 

Therefore,  if  critical  shortages  of  some  lengths  of  staple  should  develop 
it  v/ould  be  possible  to  change  to  other  staples  and  make  adjustments  in  the 
manufacture  of  combed  yarns,  within  limits,  v/ithout  having  to  alter  the  speci 
fications  of  the  products. 

By  shoYidng  the  nature  and  degree  of  im.provement  in  yarn  quality 
resulting  from,  increases  in  \mste,  this  study  provides  a  basis  for  manufac- 
turers to  establish  the  quantities  of  com.bor  xvaste  they  take  out  of  cotton. 
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It  is  probably  true  that  many  manufacturers  are  taking  out  more  waste 
than  v/ould  be  necessary,  and  are  thereby  increasing  their  costs,  in 
their  efforts  to  "play  safe,"  particularly  when  making  fabrics  on 
Government  contracts. 

Mention  shf^uld  also  be  cade  of  the  part  played  by  the  variety  of 
the  cotton  in  determining  the  quality  of  the,- manufactured  product.  It 
is  becoming  better  knovm  that  the  character  or,  in  other  words,  the  spin- 
ning quality  of  cotton  of  a  particular  grade  and  staple,  varies  widely 
among  different  varieties ■ and  conditions  of  growth.    Thus,  it  is  possible 
to  obtain  significantly  different  yarn  strengths  by  changing  to  another 
variety  even  though  the  grade  and  staple  may  rem^ain  the  same.    In  this 
field,  then,  as  well  as  in  the  field  of  processing,  the  manufacturer  has 
considerable  latitude  in  controlling  the  quality  of  the  yarns  and  the 
fabrics. 

SUmiARY 

This  study  was  conducted  to  determine  the  effects  of  removing 
different  percentages  of  comber  Yi,'aste  on  the  fiber  properties,  yarn 
strength,  and  yarn  appearance  of  cotton  of  a  quality  in  considerable 
demand  for  the 'm?Jnufacture  of  army  uniform  tv/ill  and  other  v;ar  materials. 
Cotton  froPx  a  bale  classed  as  1-5/32  inch  staple  and  Strict  Middling 
grade  was  manufactured  into  carded  yarns,  and  into  combed  jrarns  with  9 
different  percentages  of  comber  vjaste,  ranging  from  0.57  to  24.20  percent, 
removed  in  processing.    Although  only  one  quality  of  cotton  was  used  in 
these  tests,  it  is  believed  that  the  findings  are  applicable  to  other 
cotton  having  approximately  this  staple  length  range. 

As  comber-v/aste  percentages  increased,  the  fiber  lengths  in  the 
sliver  became  more  uniform,  approaching  a  coefficient  of  length  varia- 
bility of  20  percent  for  the  highest  percentage,  about  28  percent  for 
the  comber  lap,  and  about  31  percent  for  the  raw  cotton.    The  length  at 
the  25-percent  point  of  the  array  increased  about  l/64  of  an  inch,  and 
the  mean  length  about  l/l6  inch,  for  the  complete  range  of  waste  per- 
centages.   Although  the  average  fineness  of  the  fibers  in  the  slivers 
remained  prs^ctically  unchanged,  the  average  content  of  immature  fibers 
decreased  somewhat,  and  these  iminature  fibers  were  found  to  be  present  in 
the  waste. 

Yarn  strength  increased  significantly  even  when  a  negligible, 
amount  of  comber  waste  ms  taken  out,  probably  because  of  the  drafting 
and  slight  combing  action  of  the  machine.    The  increase  in  strength  with 
greater  v;aste  percentages  was  fairly  consistent,  and  averaged  one  percent 
for  each  2-percent  increase  in  waste.    A  5-percent  increase  in  waste 
increased  the  average  yarn  strength  to  the  same  degree  as  would  be  obtained 
by  an  increase  of  l/32  inch  in  the  staple  length  of  the  rav/  cotton. 

Yarn  appearance  was  approximately  as  good  at-  the  8-percent  level 
as  at  the  higher  levels  of  comber  v/aste.  Thus,  increasing  the  amount  of 
waste  taken  out  by  the  comber,  beyond  about  8  percent,  im.proves  yam 
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strength  but  does  not  noticeably  improve  yarn  appearance* 

At  about  the  l6-percent  level  for  conber  waste,  which  approxi- 
no.tes  the  average  percentage  for  the  so-called  "Peeler"  cottons,  the 
yarn  strength  v/as  11,6  percent  higher  than  was  that  for  carded  yarns, 
and  yarn  appearance  was  up  as  much  as  two-thirds  of  a  grade  higher. 

For  cotton ^of  normal  character,  staple  length  of  raw  cotton  is 
interchangeable  with  comber  waste  as  regards  the  effects  on  yarn 
strength.    For  the  range  of  staple  lengths,  I-I/8  to  I-3/16  inches,  and 
for  comber-u'aste  percentages  ranging  from  10  to  20  percent,  it  is  more 
economical  at  current  prices  to  increase  yarn  strength  by  removing  miore 
conber  waste  than  it  is  by  increasing  staple  length. 


